Background: Treatment adherence and viral suppression remain suboptimal in the United States. Attachment insecurity may be one understudied factor affecting adherence. According to attachment theory, people develop generalized internal working models of interpersonal relationships, which shape their perceptions of the availability of others at times of stress and how they handle stressors as an individual. Two dimensions of attachment insecurity are attachment-related avoidance (avoidance of intimacy with others and avoidance of negative emotions) and attachment-related anxiety (feeling unable to deal with stressors without others' help). For people living with chronic stressful health conditions that require life-long self-management, attachment-related avoidance and attachment-related anxiety may diminish the ability to cope with stressors as an individual leading to negative health outcomes.
INTRODUCTION
Antiretroviral treatment (ART) adherence and viral suppression remain suboptimal for many people living with HIV (PLWH) in the United States, with latest estimates of viral suppression rate only at around 49%. 1 Many structural and social factors affecting adherence have been identified. However, to reduce the remaining barriers to achieving 90-90-90 targets, it is also important to understand key psychological factors affecting adherence so that we can identify all PLWH at risk of viral failure and develop effective interventions to help them achieve optimal health.
How PLWH feel and think about interpersonal relationships in general is an understudied factor in affecting their health behaviors and outcomes, with potential effects independent of already identified factors. Interpersonal relationship insecurity, a construct of attachment theory, is one of the most influential constructs in social/personality psychology research. 2 According to attachment theory, based on previous support experiences with other people at times of stress, people develop generalized mental representations (internal working models) of close relationships, which affect their perceptions of others' availability at times of stress and how they handle stressors as an individual.
Modern measures in social-personality psychology conceptualize 2 dimensions of insecure working models for adults: attachment-related avoidance and attachment-related anxiety. People with high levels of attachment-related avoidance have a tendency to not trust others to be supportive, avoid all forms of intimacy with others, avoid distress-related cognitions and emotions, and have a preference for overindependence when dealing with stressors. People with high levels of attachment-related anxiety have chronic worries about their own value and feel unable to deal with stressors by themselves.
There is extensive evidence (based on thousands of published research articles) that these 2 forms of chronic relationship insecurity are among the most important predictors of psychological and physical well-being, especially at times of stress. These effects are distinct from the effects of current relationship status and of constructs such as neuroticism, social support, or satisfaction with a current relationship. 2 Attachment-related avoidance and anxiety are also not associated with most genetic factors examined, except for a modest Gene-by-Environment interaction for the HTR2A rs6313 single-nucleotide polymorphism for attachmentrelated avoidance found in only one study. 3 According to attachment theory, mental representations of attachment relationships affect not only "view of others" but also "view of the self." 2, 4 As a result, attachment-related anxiety is associated with perceptions of the self as being less lovable, less valuable, and less able to deal with stressors without others' help. Attachment-related anxiety leads to constantly seeking others' help, preoccupation with stressful events, as well as higher depressive symptoms (in crosssectional as well as longitudinal analyses). 2 There is also substantial evidence that attachment-related avoidance is associated with negative psychological outcomes; however, effect sizes are smaller in healthy populations using selfreported outcomes, especially under nonstress conditions. Attachment-related avoidance leads to avoiding intimacy with others, denying the need for others' help, and coping by avoiding or suppressing negative emotions, distress, and perceptions of weakness to feel and appear self-reliant. Therefore, individuals with high levels of attachment-related avoidance tend to underreport maladaptive tendencies, distress, lack of self-esteem, and low self-efficacy. However, it has been argued that this is part of a defensive strategy to appear self-reliant and breaks down when facing serious and persistent stressors. 5 Indeed, the associations between attachment-related avoidance and negative outcomes are much stronger when people face severe real-life problems, including chronic diseases, especially when objectively measured (as opposed to self-reported) outcomes are examined. 2, 5, 6 Thus, attachment-related insecurity predicts not only interpersonal outcomes, but also coping strategies and behaviors as an individual at times of stress. 2 That is, models of attachment may affect outcomes through both interpersonal (eg, not seeking others' help) and intrapersonal (eg, individual coping strategies) mechanisms. For people living with chronic, stressful, and burdensome health conditions that require life-long self-management, both attachment-related avoidance and attachment-related anxiety may interfere with treatment adherence. One possible mechanism is that both types of insecure attachment models (ie, attachment-related avoidance and attachment-related anxiety) lead to low perceived self-efficacy and low ability to cope with stressors, and interfere with a task-oriented focus and persistence with demanding daily self-care tasks. 2 For individuals with high levels of attachment-related avoidance, the defensive strategy to avoid distress and negative emotions when dealing with a chronic and serious health condition often involves directing attention away from illness, which may be an additional factor that interferes with active engagement in self-care and optimal treatment behaviors. 5 Therefore, we hypothesized that both insecurity dimensions are negatively associated with HIV-related health outcomes, although attachment-related avoidance may be the more important unique predictor, as it is when predicting diabetes-related outcomes. 5 Attachment-related anxiety is associated with ambivalent attitudes toward others (requesting others' help but also not being satisfied with the help provided and showing angry reactions to others' input). Thus, attachment-related anxiety may have 2 effects in opposite directions through 2 different mechanisms. For example, when facing stressors, people with high attachment-related anxiety want more support because they perceive themselves unable to deal with stressors alone. At the same time, they may want less support because of anticipated negative interactions with the support provider. 7 Therefore, attachment-related anxiety may predict scheduling more HIV care visits but lower adherence to scheduled visits.
The relatively limited research examining the effects of working models of attachment in chronic health conditions has found that attachment insecurity predicts poor medication adherence and adverse health outcomes (including mortality) in chronic diseases such as diabetes, 5, [8] [9] [10] hepatitis, 11 and lupus. 12 However, there is little research on working models of attachment, and HIV outcomes and effects may be even larger for HIV because stigma and other interpersonal/ psychosocial factors play important roles in HIV. Two previous small-scale studies reported that attachment-related insecurity is associated with psychological distress or maladjustment for PLWH. 13, 14 The goal of the present article is to examine the hypothesis that both attachment-related avoidance and attachment-related anxiety are associated with HIVrelated outcomes (ART adherence, viral suppression, CD4 count, and HIV visit adherence) in a sample of women living with HIV in 4 cities in the United States. First, in multivariate models, we examined the unique predictive value of each dimension by controlling for the other dimension. Because the high correlation between the 2 dimensions may mask the unique contribution of the other, we also examined their effects on outcomes without controlling for the other dimension. Furthermore, we examined the interactive effect of the 2 dimensions.
METHODS

Participants and Procedures
Data were drawn from the Women's Adherence and Visit Engagement (WAVE) substudy nested in the Women's Interagency HIV Study (WIHS, a multisite cohort study 15 ). In the WAVE study, data on psychosocial aspects of living with HIV are collected annually from women enrolled at the 4 WIHS sites: San Francisco, CA, Atlanta, GA, Birmingham, AL, and Jackson, MS. The current study uses data from the first round of WAVE questionnaires (2016) (2017) ; N = 453). Participants completed an interviewer-assisted data collection procedure during a separate research visit, with similar methods to those used in the WIHS core data collection. The data collected through WAVE are linked with data collected through WIHS, which includes ART adherence and HIV visit adherence, as well as blood draws for assessment for HIV RNA viral load and CD4 counts. Viral load was dichotomized as suppressed versus not suppressed (viral failure) using a cutoff value of 200 copies per milliliter. CD4 cell count values (cells/mm 3 ) were square roottransformed to approximate a normal distribution (Kolmogorov-Smirnov test statistic = 0.2, P = 0.20 after transformation). All participants provided written informed consent. All study activities were approved by the sites' Institutional Review Boards.
Measures
Insecure Working Models of Interpersonal Relationships
A shorter 18-item version of the most widely used attachment style measure-Experiences in Close Relationships 16 -was used. Experiences in Close Relationships assesses 2 dimensions of generalized insecure attachment models with all interpersonal relationship partners: attachment-related avoidance and attachment-related anxiety. Sample items are "I prefer not to show a partner how I feel deep down" for the avoidance dimension and "My desire to be very close sometimes scares people away" for the anxiety dimension. Participants rated each item on a 7-point scale ranging from 1 (strongly disagree) to 7 (strongly agree). In the current sample, Cronbach's alpha reliability coefficients for attachment-related avoidance and attachment-related anxiety were 0.88 and 0.90, respectively. The 2 dimensions showed a much higher correlation (r = 0.65, P , 0.001) compared with the typical correlation found in healthy populations (a meta-analysis reports r = 0.15). 17 
ART Adherence
In WIHS, ART adherence is assessed with a selfreported item asking how often participants took their medications as prescribed over the past 6 months. Response options were "100% of the time," "95%-99% of the time," "75%-94% of the time," ",75% of the time," and "I haven't taken any of my prescribed medications." Previous research provides support for the validity of this measure of adherence. 18, 19 As in previous studies, 20, 21 we used the cutoff for optimal versus suboptimal adherence to be at 95%, resulting in a dichotomized variable (0 = optimal adherence; 1 = suboptimal adherence).
HIV Visit Adherence
In WIHS, visit adherence to HIV primary care appointments is assessed using self-reported data on whether participants missed any appointments since the last assessment. Previous studies provide evidence for the validity of self-reported missed visits, which showed associations with viral suppression and mortality. [22] [23] [24] [25] [26] For the current analyses, suboptimal visit adherence was defined as missing at least one HIV visit in the past 2 years to increase reliability of the measure as was done in previous research 27 (0 = made all visits in the past 2 years; 1 = missed one or more visits in the past 2 years). The data also include perceived frequency of provider demand for visits: "How often do your HIV providers want to see you for your regular HIV care?" (dichotomized as less than 3 times a year versus 3 times a year or more frequently).
Statistical Analyses
To be consistent, we used the same covariates in all analyses that previous research and theory suggest as important: age, site, education, income, time on ART, intimate partner status, illicit drug use, and race/ethnicity (categorized as non-Hispanic white versus others as in other analyses using WIHS cohort data 21, 28 ). Bivariate and multivariate logistic regression analyses were conducted with viral failure as the outcome. In multivariate analyses, we first entered both insecurity dimensions together as predictors. Then, the nonsignificant insecurity dimension was entered without controlling for the other insecurity dimension to see if it becomes a significant predictor. Similar analyses were then conducted using CD4 count, suboptimal ART adherence, or missing HIV care visits as outcomes (using a multiple linear regression for continuous CD4 count).
A mediation analysis was conducted using PROCESS software 29 to examine whether the significant association of attachment-related avoidance with viral failure is mediated by ART adherence (used as a continuous variable with higher values indicating better adherence because PROCESS mediation models cannot be used with binary mediators). The analysis for attachment-related avoidance was first performed without including attachment-related anxiety as a covariate and then including it in the model (all other covariates were included in all mediation analyses). Similar mediation analyses were then performed using CD4 counts as the outcome. These mediation models were conducted using bootstrapping, which provides a nonparametric test that does not rely on assumptions of normal distribution. The significance of the indirect effect of attachment-related avoidance on viral failure or on CD4 counts through ART adherence was evaluated. 29 In this method, a significant indirect effect [indicated by a 95% confidence interval (CI) that does not include zero] provides evidence for mediation.
RESULTS
Descriptive statistics for the study sample are presented in Table 1 . Results using viral failure as the outcome are presented in Table 2 . In the adjusted model, attachment-related avoidance was significantly (and uniquely) associated with viral failure, whereas attachment-related anxiety was not * P , 0.05. †Unadjusted logistic regression using viral failure as the outcome and each attachment dimension separately as predictor (without controlling for any covariates or the other attachment dimension).
‡Logistic regression using viral failure as the outcome adjusting for age, study site, household income, education, race/ethnicity, intimate partner status, illicit drug use since the last visit, months on ART, and the other attachment dimension. *P , 0.05; **P , 0.01; and ***P , 0.001. †Unadjusted multiple regression using CD4 cell count as the outcome and each attachment dimension separately as predictor (without controlling for any covariates or the other attachment dimension).
‡Multiple regression using CD4 cell count as the outcome adjusting for age, study site, household income, education, race/ethnicity, intimate partner status, illicit drug use since the last visit, months on ART, and the other attachment dimension.
significantly associated with viral failure. When attachmentrelated avoidance was omitted from the model, attachmentrelated anxiety was not associated with viral failure [adjusted odds ratio (AOR) = 1.15, P = 0.07, CI = 0.99 to 1.34] . When added to the model, the interaction between attachment-related avoidance and attachment-related anxiety was not significantly associated with viral failure (AOR = 0.97, P = 0.62, CI = 0.88 to 1.08).
Results using CD4 count as the outcome are presented in Table 3 (this time using multiple linear regression due to the continuous nature of this variable). In the adjusted model, attachment-related avoidance was significantly (and uniquely) associated with low CD4 count, whereas attachment-related anxiety was not significantly associated with CD4 count. When attachment-related avoidance was omitted from the model, attachment-related anxiety was significantly associated with low CD4 count (B = 20.79, SE = 0.20, P , 0.001). When added to the model, the interaction between attachment-related avoidance and attachment-related anxiety was not significantly associated with CD4 count (B = 20.16, SE = 0.14, P = 0.26).
Results using suboptimal ART adherence as the outcome are presented in Table 4 . In the adjusted model, attachment-related avoidance was significantly (and uniquely) associated with suboptimal ART adherence, whereas attachment-related anxiety was not significantly associated with suboptimal ART adherence. When attachment-related avoidance was omitted from the model, attachment-related anxiety was significantly associated with suboptimal ART adherence (AOR = 1.24, P = 0.02, CI = 1.03 to 1.50). When added to the model, the interaction between attachment-related avoidance and attachment-related anxiety was not significantly associated with suboptimal ART adherence (AOR = 0.94, P = 0.36, CI = 0.82 to 1.08).
Finally, results using suboptimal visit adherence as the outcome are presented in Table 5 . In the adjusted model, attachment-related anxiety was significantly (and uniquely) associated with suboptimal visit adherence, whereas attachment-related avoidance was not significantly associated with suboptimal visit adherence. When attachment-related anxiety was omitted from the model, attachment-related avoidance was significantly associated with suboptimal visit adherence (AOR = 1.20, P = 0.02, CI = 1.03 to 1.40). When added to the model, the interaction between attachmentrelated avoidance and attachment-related anxiety was not significantly associated with suboptimal visit adherence (AOR = 1.08, P = 0.14, CI = 0.98 to 1.20) . Although attachment-related anxiety was associated with suboptimal visit adherence, it was associated with higher perceived frequency of provider demand for visits in adjusted analyses (AOR = 1.27, P = 0.04, CI = 1.01 to 1.49).
Next, we examined the mediation hypothesis depicted in Figure 1 : The association between attachment-related avoidance and viral failure is mediated by ART adherence. This indirect effect was significant (B = 0.05, SE = 0.02, *P , 0.05; **P , 0.01. †Unadjusted logistic regression using suboptimal ART adherence as the outcome and each attachment dimension separately as predictor (without controlling for any covariates or the other attachment dimension).
‡Logistic regression using suboptimal ART adherence as the outcome adjusting for age, study site, household income, education, race/ethnicity, intimate partner status, illicit drug use since the last visit, months on ART, and the other attachment dimension. 
DISCUSSION
In this sample of women living with HIV across different geographical contexts in the United States, we found that attachment-related avoidance was uniquely associated with viral failure, lower CD4 count, and suboptimal ART adherence. Attachment-related anxiety was associated with missing HIV care visits. These effects were over and above the effects of income, education, race, intimate partner status, and substance use, as well as the other attachment insecurity dimension. Given that attachment-related avoidance was the only unique predictor of most HIV outcomes, this dimension of attachment-related insecurity may be more important for women living with HIV. However, the 2 dimensions showed a substantial correlation, and this may have masked the unique effect of attachment-related anxiety on some outcomes. When examined without attachmentrelated avoidance in the model, attachment-related anxiety was also significantly associated with most outcomes. Similarly, when entered without attachment-related anxiety, attachment-related avoidance was significantly associated with missing HIV care visits. We also found that the effects of both attachment-related avoidance and attachment-related anxiety on viral failure and lower CD4 count were mediated by ART adherence.
Findings on the association between attachment-related avoidance and these HIV-related outcomes suggest the possibility that the defensive suppression of distress and weakness associated with attachment-related avoidance can break down under the considerable stress that women living with HIV experience. 6 Another mechanism for the negative effects of attachment-related avoidance on HIV-related health outcomes may be avoidance of distress-and weakness-related cognitions. This strategy requires directing attention away from one's HIV status, which would reduce a person's ability to engage in effective health behaviors consistently.
The literature suggests that attachment-related anxiety is associated with higher health care utilization. 30, 31 However, using our operationalization of visit adherence based on missing any scheduled visits, we found that attachmentrelated anxiety was associated with suboptimal visit adherence. Yet, attachment-related anxiety was also associated with higher perceived frequency of provider demand for visits. It is possible that providers sense that patients with high attachment-related anxiety want more frequent contact with providers and therefore schedule more visits with them. It is also possible that PLWH with higher attachment-related anxiety perceive erroneously that providers want to see them more often.
This study had limitations. Our adherence measures relied on participants' self-reports and attachment-related avoidance and anxiety may affect the self-reporting bias of adherence. The data are cross-sectional; therefore, the temporal and causal direction of effects cannot be established. Another important limitation is that we did not examine the contribution of variables such as depression, recent traumatic experiences, or posttraumatic stress disorder in the associations reported. Previous longitudinal research suggests that attachment insecurity leads to depressive symptoms. 2 Therefore, future longitudinal research should examine the mediating role of depression (as well as trauma and posttraumatic stress disorder) in the effects of attachment insecurity on HIV health outcomes. Other mediators of the effect of interpersonal relationship insecurity on HIV health outcomes may be quality of relationships with close others and with health care providers. 30, 32 The present sample consisted of only women, and generalizability to men, transgender individuals, or gender nonconforming individuals should be tested. Nevertheless, given that few psychosocial constructs have been so clearly FIGURE 1. The mediating role of ART adherence in the association between attachment-related avoidance and viral failure. Associations are presented as path coefficients (unstandardized). Age, site, education, income, time on ART, illicit drug use, romantic partner status, and race were used as covariates. a When ART adherence is inlinked with biological health outcomes, such as CD4 count and viral load, these results highlight the importance of future research on the effects of working models of attachment on HIV-related health outcomes.
The present results suggest that women living with HIV with high levels of attachment-related insecurity are at risk of negative HIV-related health outcomes. Interventions may need to focus strongly on this vulnerable subpopulation. These intervention efforts may involve existing strategies addressing treatment adherence. The findings of this study also suggest additional important targets for interventions aiming to improve health outcomes for women living with HIV. If future longitudinal research in this area can identify factors that mediate the effects of attachment-related insecurity on HIV outcomes (eg, depressive symptoms and selfefficacy), these factors can be targeted in interventions. Another strategy may be to try to reduce attachment-related insecurity using existing interventions. There are very promising brief group-based interventions developed to improve attachment-related security, which may benefit women living with HIV with attachment-related insecurities. [33] [34] [35] Research also suggests that attachment-related insecurity decreases during traditional psychological interventions (eg, cognitive-behavioral treatments) delivered either in group settings 33 or individually, 36 with downstream effects on reduced psychiatric symptoms.
Furthermore, knowing the level and nature of interpersonal relationship insecurity of an individual living with HIV may have important implications for successful HIV care as well as for the success of any intervention. Research suggests that those individuals living with diabetes who have high interpersonal relationship insecurity benefit more from depression interventions using collaborative care, whereas individuals with obesity who have low interpersonal relationship insecurity benefit more from standard weight reduction programs. 32, 37 Following up on these findings, researchers evaluated a communication intervention for the families of critically ill patients in the intensive care unit that included attachment style training for facilitators (ie, understanding of types of interpersonal relationship insecurity, consequences of each type for relationships, and communication approaches most appropriate for each type of insecurity). Results suggested that facilitation of communication based on an understanding of insecurity is successful in decreasing depressive symptoms, intensive care costs, and length of hospital stay for intensive care patients. 38 Therefore, some researchers argue that providing attuned medical care management in an "attachment informed" way (eg, providing care that accounts for the patient's lack of trust, need to be highly autonomous, etc.) is more effective than interventions aiming to change the patient's interpersonal relationship insecurity, 32 and strategies for accomplishing this have been described. 30, 31 
